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Cancer immunotherapy 




Field of Ihe Invention 

Thie invention Is in the field of the treatment of cancers. More speciflcall/ H Is in the freid of 
tumour-associated ant^ens, and the generation of anti-tumour nrnmune responses. 

Background of the invention 

Tumoure arise due to the improper regulation of gene transcription resultihg in aberrant ceH 
growth and proliferatlon. Itils improper gene regulation results in abnormal expression of 
genes. Some of tiiese genes code for tumour-nassociated antigens. Tumour assodatsd 
antigens are proteins that are 8d)normally expressed In tumours, eith^ being expressed when 
they a(e not normally, or being expressed at a level signifiGantiy higher than normal. A 
tumour-associated antigen is spedficaily a protein expressed In tumour ceils that either elicits 
or la capable of eliciting an bnmune response in the tumour-bearing host 

Spedfic cytotoxic T ceil responses against tumour associated antigens have been detected In 
patients and been shown to be responsible for spontaneous regressions. Many tumoup- 
associated antigens have been identified. Tumour-associated antigens have been 
considered to fall Into one of three main categories. The cancer/testis antigens are those that 
are expressed in cancers and testis. Examples of these are the MAGE family of melanoma 
antigens. The differentiation antigens are antigens that are normally expressed at low levels 
but are significantly upregulated In cancers. The difiierentiation antigens are associated with 
melanoma and examples are i\flART-1/MeIanA and gp100. The third type of antigens are the 
mutated ant^ens, antigens that are mutated versions of genes nonmally expressed. 
TumournBSSodated antigens play an importent role in the field of cancer immunotherapy. 

Polycomb-group proteins play a pivotel rale in development, haematopolesis and cell cycle 
regulation. They form large multimeric complexes which are thought to bind to approximately 
100 chromosomal sites (in Drosx^a) and are involved In transcriptional repression. There 
have been 2 polycomb protein complexes described to date. One contains Enx/EZH2, EED, 
HDACiy2 histone deaoeiylases and YY1, the other oonteins BMM, RlNG-1 , HPH1. HPH2. 
HPC1. HPC2, HPC3 and CIBP (see Raaphorat ef a/. (2001) 168:5925-5934 for references). 
These comptexes have been suggested to have opposing activities and they influence file 
prollteratlve statd of cells (Raaphorst at a/. (2001) 166:5925^034). It has also been proposed 
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thattiiese two complexes, although both are involved in transcriptional repression, pjay 
diffierent roles with one initiating the repression of target genes while the ottier maintains the 
repression (van L^uizen, Curr. Opin. Genet. Dev. (1999) 9:355-361). 

BIMI-1 was originally discovered through studies of retroviral insertional mutagenesis in E\i- 
myo transgenic mfoe. These mice were noted to have a significantiy reduced latency period 
for the devefopment of pre-B-oell tymphomas. Analysis of ^e sites of retroviral insertion 
revealed that irKsertion near brnf-l was common and resulted in fr/nl-TcM/er^fessron (Haupt. 
Y. 6t 61, Cell (1991) 65:763-763). Consistent with this, crossing of Ep-brnM mice with Ep-myo 
mice nesuHs in the acceleratsd onset of both T and B cell lymphomas (Haupt Y. ef el. 
Oncogene (1993) 8:3161-3164). Thus bmi-1 is an oncogene initially described as being 
associated with lymphomas. BMi-1 is a polycomb group protein. BMM expression tends to 
decrease during ceU differenfa'ation, thus highest levels are present in purified CD34+ 
pn^enltoR^em cells and there is essenttefly no exprrasion in mature B and T cells (Lessard 
etat. Blood (1998) 91:1216-1224). Human studies have suggested that BMl-1 has a role In 
both B and T cell differentiation (Raaphorst et e/. Am. J. Pathol. (2000) 1577:70&'715; 
Raaphorst et a/. J. Immunol. (2001) 166:5025-5934). Thus. It follows that aberrant expression 
cfbmi-i could result in tumour Ibrmation. 

BMI-1 assolcates with chromatin in a cell-cycle dependent manner (Voncken et aL J. Cell Sc. 
(1999) 112:4627-4639). 

Bmt-1 misregulation has t>een associated with a number of cancer types including jymphomffi 
(Bea 6t0l (2001)Cancer Res. 612409-2412; van Kemenade etal. (2001) Blood 97:3896- 
3901), non-small cell lung cancer (Vonlanthen etal. Br. J. Cancer (2001) 84:1372-1376) and H 
has been postulated that it might be Involved in breast cancer due to its over expression in a 
number of breast rancer cell lines and its transfonmfa'on of mammary epithelial cells (Dimri et 
at. Cancer I^. (2002) 62:4736-4745). However, an analysis of bmi-1 expression in a 
number of haematological malignancies, as well as solid tumours, concluded that Bmi-I 
overexpression is most common in mantle cell tymphomas and also that 'bmhl gene 
alterations in human neoplasms are uncommon' (Bea etal, 2001) 

RING-1 , another component of the same polycomb group protein complex as BMl-1 , has also 
been shown to have oncogsnalc properties. Overexpres^on of RING-1 in a cell line resulted 
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^ In cellular transfDimatlon as assessed by attachment independent growth and tumCTjr ^ ^ 
formation In athymic mice (Satijn and Otte Mol. Cell Biol. (1999) 19:57-68). 

Disregulalion of another polycomb group protein, EZI-12 (enhancer of zeste homolog 2), has 
also been associated with malignancy. Like BMM, EZH2 misregulation has been associated 
with haematological malignancies (van Kemenade ef a/. (2001) Blood 97:3896-3901). EZH2 
has also been assod^ed with non-haematopoeitic malignancies. Increasing EZi-i2 levels in 
prostate cancer have been correlated both with disease stage and prognosis (Varambally 9i 
a/. Nature (2002) 419:624^9). 

Irrternatlonai patent application WO 01/53834 (Otte / Unlverelly of Amsterdam) describes 
methods of Wentilylng and characterising tumour cells, by means of analysing their 
expression of proteins of (he polycomb group complex and, in particular, BMi-1. 

Thus tfie involvement of polycomb group proteins in tumorigeneas. especially in the 
haematopoietic system is well described in the prior art, however the use of these proteins as 
tumouf-assodated antigens has not been described. Due to the level of expression of these 
proteins in normal tissues those sWKed in the art would presume that they are not good 
candidate tumour assodated antigens. Also disclosed in the cun-ent appltcafion is the 
obaenration that bmt-i disregulatlon. particularly upregulation, is far nuare common than 
pravriously reported, and is detectable in a large range of non-haemotoiogical malignandes. 



Summary of tfie Invention 

The present invention relates to the use of polycomb proteins as aniens for the 
rmmunotherapeutic treatment of cancer. Polycomb group pnJteins, especially BMI-I and 
EZH2. have been shown to be aben^ntly expressed in a numlwr of cancer^. However these 
proteins are also expressed in many normal tissues. 

We demonstrate In the examples below that both humoral and cellular immune responses to 
polycomb proteins can be detected in the sera and peripheral blood mononuclear cell 
pfeparations from both cancer patients and healthy donors. Thus self-Immune responses to 
these anSgene can be generated in humans and these responses, at least at the levels 
detected appear not to have any pathological consequences. We also demonstrate that in a 
murine model significant antl-polycomb protein responses can be Induced by vacdnation. 
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^ Antibody and T cell lesponses can be detected and these responses can hav&antMumour 
cell activity. 

Wte have also diouvn that the expression of at least one poiyconrtb protein, BMI-1 . is higtily 
upregulated In a large number of human tumour types. 

Immunisation against tumour-associated antigens can be achieved using a number of 
approaches. These approaches can include iajX are not limited to genetic Immunisation, 
protein vaccination, peptide vacdnation, oell-based vaccination (especially dendritic cell 
vaccination), vaccination with virus-like particles (VLPs). 

Genetic vaccination has been used In numerous preclinical cancer Immunotherapy studies 
and In cancer immunotherapy trials. Genetic vaccination involves vaccination by delivering 
the genes encoding the antigen to which an Immune response is required into cells of an 
indivldual(Ulmere*a/. Cun-. Opin. Immunol. (199B) 8:531-536). The genes can be delivered 
as pla&mid DMA, either 'naked' orfomnulated to impnave DMA translection with lipids, etc, by 
simple intramuscular injection (Ulmer etal. Science 1993 259;1 745-1748). by intradermal 
Injection (Raz etal. Proa Natl. Acad. Sci. 1994 91:9519-9523), by intranasal administration 
(Klavlnskis etal J. Immunol. 1999 162:254-262; Sasaki ef a/- J. Virol. 1998 72:4931-4939). or 
by topteal applfeation (Fan et al. Nature Biotech 1 999 17:870-872). Alternatively the genes 
can be deRvered as plasmid DMA coated onto high density (usually gold) beads that are fired' 
Into the sWn of an Individual using a gene gun (Fynan et&L Proc. Nat Acad. Scl. 1993 
90:11478-11482; Fuller et al. J. Med. Primatol. 1996 25:236-241). as plasmid DMA in 
microparticles (Chen etal. J. Virology 1998: 5757-5761). as a eukaryoQc expression construct 
in a bacterial delivery system (Sbemore ©fa/, 1695, Science 270: 29&-302: Paglla et al, 
1998, Blood 92: 3172-3176) or In a recombinant virus, the vims being directly administered 
Into an individual. Recombinant viruses used for geneSc Immunteatlon Include, but are not 
limited to, adenovlnis (Fooks ef a/. Virology 1995 210:456-485; Imler J-L Vaccine 1995 
13:1143-1151; Chen etal, J. Immunol 1996 156224-231; Rosenberg a< a/, J- NaU. Cancer 
Inst. 1998 90:1894-1900), and pox viruses such as vaccinia virus (Epstein etal. J. Immunol. 
1993 150:5484-5493; Graham et al J. Infect Dis. 1992 166:244-252). 

Responses to genetic Immunisation procedures can be boasted l>y modification of the 
antigen. This modificafion can take the form of ubiquitinatton to Improve antigen degradation 
and thus presentalton (Rodriguez ee a/. J, Virology 1997 71 :8497-a503; Fu e* a/. Vaccine 



Ll-DeC-20EE 16! 19 FROM HGF MflNCHESTER TD PRTCKT OFFICE K.lB^Ai. 

11/DecQ0Q2 S 

1998 16:1711-1717) and targeting antigen to sites or o^ls l»y to fminune induction (Boyle ef 
V Nature 1888 3B2'AQ9-4^V, Deiiyannis et al. Proa. Natl. Acad. 8ci. 2000, 97: 6678-e686) 

Protein vaccinatfon usually invoi\«s the administrafion of recombinant protein antigen in 
combination with an adjuvant f'rotein vaccines are usualiy administered by the 
intramuscutar, subcutaneous or intrademtal routes (Vaccine Design, the subunit and adjuvant 
approach, Eds: PoweJI and Newman, Plenum Press, New Vorlc. 1995. and rerferences 
therein). 

Peptide vacdnation involves vaccination with peptide epitopes from antigens. These peptides 
are usually lUIHC or HLA Class l-binding peptides designed to elicit CDS-t-ve cytotoxic T cell 
responses, however they may also include Class II restricted peptides. Peptide vaccination 
has shown anti-tumour efficacy In preclinical tumour models (Schallert et at, Eur. J. Immunol. 
2002 32:752-760; Tal<lgawa et al. Ann. N. Y. Acad. Sci. 2001 041:139-146; Lo-iWan et al. J. 
Immunol. 2001 166:2849-2854), and has been tested in anti-cancer clinical trials (J^ger ef a/, 
int. J. Cancer i 996 60:162-169; JSger et al. Int. J. Cancer 1996 67:64-62; Rosenberg ei ai 
Nature Medicine 1998 4:321-326). 

Since the recent development of protocols for the generation of large numbers of dendritic 
ceils in vitro/ex vivo, immunctiierapy with ex wvo manipulated dendritic cells has become a 
promising field for cancer treatment (reviewed in Fong & Engleman Ann. Rev. Immunol. 2000 
18:24&-273), Dendritic cells can be 'loaded' with defined tumour-associated antigen using 
methodologies including, but not limited to. protein pulsing (Hsu ©f al. Nature Medicine (1996) 
2:52-58: Reichardt ef a/. Blood (1989) 93:2411-2419). peptlde-pulsing (Tjoa ef aA The 
Prostate (1997) 32:272-278; Morse et al. Clinical Cancer Research (1999) 5:1331-1338; 
Thumer ef al. J. Exp. Med. (1999) 190:1669-1678: Madwnsen ef af. int J. Cancer (2O0O) 
86:385-392). DNAfransfecting (Irvine ef a/. Nat Biotech. (2000) 18:1273-1278; Lohmann ef 
al. Cancer Gene Therapy (2000) 7:605-614), viraliy transducing (Ishlda ef at. Clin. Exp. 
Immunol. (1999) 117:224-251; Kaplan ef a/. J. Immunol (1999) 163:89^707; Yang ©f e/. J. 
immunol (2000) 164:4204-4211), and RNA-pulsing (Boezicowsici ef a/. Cancer Research 
(2000) 60:1028-1034: Helser ef aA J. Ciln. Invest (2002) 109:409-417). 

BmH Is a seif-protein and thus In order to generate an immune response to it tolerance must 
be brolcBn. Thus to boost the generation of anti-bml-l Immune responses a number of 
approaches can tie taken, these approadies are wen known to those skilled in the art Tttese 
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approaches-include but are not limEted to. Inclusion of non^setf helper epitopes in the 
immunogen (Oalum etaL Nat Biotech 1889 17:666-668), lUsion of the antigen to a strong 
foreign antigen (ICmg etel. Nature Medicine 1988 4:1281-1286). or use of a xenogeneic 
version of the antigen (Naftzger etal, Proc Natl. Acad. Sd. 1986 93:14809-14814). All of 
these approaches are applicable to most, if not ail, of the immunisation methodologies 
desoibed above. 

Optimal cancer therapies may involve the combination of BMH with other tumoiBvassodated 
antigens, thus Increasing the breadth and hopefvliy potency of the immune response and 
ilmiting the chance of Immune escape by tumour-associated antigen downregulation. 

Accordingly, the invention provides, in a first aspect, a polycomb protein, or an immunogenic 
peptide or epitc^e derived therefrom, or an isolated polynucleotide encoding said protein, 
peptide or epitope, for use as a medicament in the immunotherapy of cancer. Preferably, the 
protein is selected flnom the list consisting of Enx/EZH2. EED, BMl-1, RlNQ-1, HPH1, HPH2, 
HPC3 and CtBP, more preferably it is Enx/EZH2 or BMI-1, most preferably it is BMH. 

Preferably, the cancer to be treated Is derived from a tissue or organ selected from ttie list 
consisting of. liver, lung, breast, stomach, cen^ix, prostate, bladder, pancreas, brain, colorectal 
or ovary, or is a melanoma, lymphoma or leuicaemia 

In a second aspect, the invention provides a vector comprtelng a polynucleotide encoding 
sucA a protein, or imnuinogenic ftepfide or ^itope derived thereftom. 

The vector may be any vector capable of transiisrTing DNA to a cell. Preferably, the vector is 
an integrating vector or aKemativeiy a non-integrating vector. 

Preferred Integrating vectors Include recombinant retroviral vectors. A recombinant retroviral 
vector will include DNA of at least a portion of a ratrovirai genome which portion is capable of 
infecting the target ceBs, The temi "Infection" is used to mean the process by which a virus 
tranaiters genetic material to its host or target cell. Preferably, the retrovinjs used In the 
conatruc^on of a vector of the Invention is also rendered replioation-defective to remove the 
effect of viral replication on the target cells. In such cases, the replication-defiective viral 
genome can be packaged by a helper virus in acoordanoe with conventlonai techniques. 
Generally, any retrovirus meeting the above criteria of infectlvlty and capability of functional 
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gene transfer can be employed in the pracBoe of the invention. Lentiviral vectors ai© 
especially preferred. 

Suitable retroviral vectors include but are not flmKed to pU, pZlp, pVNte and pEM, well known 
to those of sidll in the art Suitable packaging vims lines for lepllcatlon-defectivB retroviruses 
include, for exannple. 'FCrip, YCie, »F2 and vAm. 

Other vectora useftjl In the present invention includd adenovirus, adeno-associafed virus, 
SV40 virus, vaccinia virus, HSV and poxvirus vectors. A preferred vector is the adenovirus. 
Adenovirus vectora are well known to those sidlied in the art and have been used to deliver 
genes to numerous cell types. Including alro/ay epithelium, skeletal muscle, liver, brain and 
skin (HItt, MM. Addison CL and Graham, FL (1997) Advances in Phannacoiogy 4Q: 137-206; 
Anderson WF (1998) Nature 292: (6879 Suppl): 25-30.). 

A further prefened vector Is the adeno-assodated (AAV) vector. AAV vectors ate well known 
to those skilled in the art and have been used to stably transduce human T-lymphocytes. 
fibroblasts, nasal polyp, skeletal muscle, brain, eiythrold and haematopoietic stem cells for 
gene therapy applications (Philip et a! (1994). Mol Cell Biol 14: 241 1-2418; Russell et al 
(1994) Proc Natl Acad Sci USA 91: 8915-8919; Rotte TR, Afione SA. Conrad C, McGrath SA. 
Soiow R, Oka H, Zeitlin PL. Guggino WB and Carter BJ (1993). Proc Natl Acad Scl USA S3: 
10613-10617; Walsh et al (1994). Proc Natl Acad Sci USA M- 7257-7261; Miller etdl (1994) 
Proc Natl Acad Sd USAS1:10183-10187; Emerson (1996). Blood gZ. 3082-3088). 
International Patent Application WO 91/18088 descn"bes specifto AAV based vectors. 

Pieterred episomal vectors include transient non-repllcating eplsomal vectors and self- 
leplteating episomal vectors with functions derived from viral origins of replication such as 
those from EBV. human papovavirus (BK) and BPV-1, Such integrating and episomal vector® 
are well known to those skilled in the art and are fully described In the body of iileralure well 
known to those skRled In the art In particular, suitable episomal vectois are described In 
WO98/07B76. 

MammaUan artffldal ohiomosomes can also be used as vectors In the present invention. The 
use of mammalian artifldal chromosomes is discussed by Calos (1S96 Trends In Genetics 12; 
483-466). 
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In a preferred embodiment, the vector of the present Invention te a plaomici. Theplasmid jnay 



The lerm "plasmid" as used herein lefsrs to any nucleio acid encoding an expiessible gene 
and mdudes linear or circular nucleic adde and double or «ngfe stranded nuderc acicte. The 
nucleic add can be DNA or RNA and may comprise modified nucleotides or ribonudeotideSk 
and may be chemically modified by such means as methylatkm or the Indusion of protecting 
groups or cap- orfeiil structures. 

A non-repllcating, non-integrating plasmid is a nucleic add which when transtiacted into a host 
c&ll does not replicate and does not specifically Integrate Into Qie host cell's genome (l.e. does 
not Integrate at high frequencies and does not integrate at spedRc sites). As used herein, 
'host cell' refers to any cell used the replicate a vector, or to express a product from audi a 
vector. It does not Imply any particular source of the cell. 

Replicating piasmids can be identified using standard assays Induding the standard 
replication assay of Usiav ef a/. (1991 EMBO J Ifi: 449^7). 

Numerous techniques are known and are useful according to the Invention for delivenng the 
vectors described herein to cells, including the use of nucleic acid condensing agents, 
electroporation. complexing wltti asbestos, potybrene, DEAE cellulose. Dextran, liposomes, 
cationic liposomes, lipopolyamines, polyomithine, particle bomliardment and direct 
microinjecfion (leviswed by Kuoherlapati and Slcoultchi,ig84 CRC Crit Rev. Blochem Jg: 
349-379: Keown ef a/.. 1990 Methods Enzymolifig: 527-37). 

A vector of the Invention may be delivered to a host ceB non-spedRcally or specifically (i.e.. to 
a designated subset of host cells) via a viral or non-viral means of delivery. Prefisned delivery 
methods of viral origin include viral pariiol&produdng padcaging cell lines as transfecBon 
recipients for the vector of the present invention into which viral packaging signals have been 
engineered, sudi as those of adenovims. herpes viruses and papovavimses. Pref^med non- 
viral based gene defivery means and methods may also be used in the invention and Indude 
direct naked nudeic add injection, nucleic add condensing peptides and non-peptides, 
cafionic liposomes and encapsulafion m liposomes. 



norvrapiicating, non-Integrating plasmid. 



l-DEC-2002 16:20 FROM HGF MflNCHESTER TO PftTENT CFFICE t-.ai^J. 

^ The direct delivery of vector Into tissue has been described and some short-term gene • 
expression has been achieved. Direct delivery of vector into muscle (Wolff et aL, 1 990) 
thyroid tSikes etal., 1894 Human Gene Therapy 5: 837-844.) melanoma (Vile etal., 1993 
Vile RG and Hart IR (1993, Cancer Res 962-967.), skin (Hengge et aL, 1995, Nature 
Genet 10: 181-166.). liver (Hickman etal., 1994, Human Gene Therapy 5l 1477-1483.) and 
after exposure of ainiray epfthelium (Meyer et al., 1995, Gene Therapy, 2. 460-460, 1905) is 
. dearly described in the prior art 

Various peptides derived from the amino add sequences of viral envelope proteins have been 
used In gene transf&r when coadministered with polylyslne DNA complexes (Plank et 
«/..1994. J Biol Chem 269: 12918-12924.; Trubetskoy ef a/.,1992, Blocoriiugate Chem 3: 
323-327; WO 01/17773; WO 92/19287) and Mack ef a/., (1094, Am J Med Sd 307: 13ft-143.) 
suggest that co-condensation of polylyslne conjugates with cationic liinds can lead to 
improvement In gene transfer efficiency. International Patent Application WO 95/02698 

discloses the use of viral components to attempt to Increase the effidenoy of cationic lipid 

gene transfer. 

Nucleic acid condensing agents useftil In the Invention include spermine, spennihe 
derivatives, histones. cationic peptides, cationic non-peptldes such as polyethylenelmlne 
(PEi) and polylyslne. 'Spermine derivatives' refers to analogues and derivatives of spemnine 
and Indude compounds as set forth in International Patent Application WO 93/18759 
(published September 30, 1993). 

DisulphMe bonds have been used to link the peptidic components of a delivery vehicle 
(Gotten ef a/.. 1992. Enzymol 232: 618-644.): see also Tnibetskoy ef al. {supra). 

Delivery vehteles fbr delivery of DNA oonstnjds to cells are known in the art and include 
DN/V/poly^on complexes which are epecincfor a cell eurl^ce receptor, as described in. for 
example. Wu and Wu. 1988. J Bid Chem 2ga:14621 ; Wilson ef a/.. 1992, J Biol Chem aiZ: 
963-867; and U.S. F^aient No. 5,166,320. 

Delivery of a vector accoiding to the invention is contemplated using nucleic acid condensing 
peptMes. Nucleic add condensing peptides, which are particularly useful for condensing the 
vector and delivering the vector to a cell, are described in international Patent Application WO 
96/41606. Functional groups may be bound to peptides useful fbr delivery of a vector 
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-according to the invention, as descrttxed in WO 96/41606. These functional groups may 
"uiclucieartigand that targets a specifio ceil-lype such as a monoclonal antibody. InsuDn. 
trarisfenln, asialoglycoprotein, or a sugar. The ligand thus may target cells in a nonspecific 
manner or in a specific manner ttvax te restricted with respect to cell type. 

The functional groups also may comprise a lipid, such as palmitoyl. oleyl, or stearoyi: a 
neutral hydrophilic polymer such as polyethylene glycol (PEG), or poiyvinylpynnolldind <PVP): 
a fUsogenic peptide such as the HA peptide of influenza virus; or a recomblnase or an 
integrase. The functional group also may comprise an intieceliular trafRcking protein such as 
a nuclear localisation sequence (NLS), an endosome escape s^nal such as a membrane 
disruptive peptide, or a signal directing a proiain directly to the cytoplasm. 

In a further aspect, the invention provides a host cell fransfected or transduced with, or 
otherwise containing, the isolated polynucleotide or vector comprising such a polynucleotide 
of the present invention. PrefisFably It is an antigen presenting cell. More preferably, It is a 
dendritic cell and, most preferably. It is an autologous cell derived from the patient and 
transfected or transduced ^ther in vivo or ex y^o. 

Alternatively, the host cell may be loaded or pulsed so that it contains ttie protein of the 
invention, or an immunogenic peptide or epitope derived therefrom. As will be understood by 
those of skill In the art, in such circumstances antigen presentation by means of the fWIHC 
Class II mechanism is favoured, whilst with delivery of the antigen to the cell in the fomi of an 
expressible poiynucleofide. presentation >na the MHC Class I mechanism is favoured. In 
prefemed embodiment, both approaches are used, with autologous dendritic cells both loaded 
with peptide antigen and transfet^ with expressible polynucleotide encoding the same or 
diffierBnt peptides or antigens as part of an ex i/ft^ procedure before being returned to the 
patient. 

In a further aspect, ttie Invention provides a vaccine composition comprsing the protein, 
peptide, epitope, polynucteoHde, vector or host cell as described above, together with a 
pharmaoeutically acceptable exdpient. canrler, buffer or adjuvant 

In one preferred ^bodiment, the vaccine composition is a protein vaccine composition 
con^rising the protein, peptide or epitope of ttie Invention, together witti a phamnaceuiicaHy 
acceptable eiwlplent. cairier, buffiar or adjuvant Alternatively, it is a DMA vaccine 
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composition comprising the polynucleatid9 or yedor of the^hveniion, together with a 
pharmaoeutlcally acceptakile ^odpient, carrier, buffer or adjuvant. 



Also provided fs the use of the protein, peptide, epitope, polynucieotide, vector or host ceU of 
the invenfion as described above, fbrtha nianufactuie of a medicament for the 
immunotherapy of cancer. Preferably, such use is Itor the manufewture of a medicament tor 
the treatment of a cancer derived from a tissue or organ selected from the iist consisting of ; 
liver, iung. bladder, pancreas, brain, stomadi, c^vix, iMosfate, colorectal or ovary, or is a 
mefanoma, lymphoma or teultaemia. 

In a final aspect, the invention provides a m^od of treating a cancer by Immunotherapy, 
comprising administering to a patient a vaccine composition comprising a poiycomb protein, 
or an Immunogenic peptide or epitope derived therefirom, or an Isolated potynudeoOde 
encoding said protein, peptide or e^ritope. 

Alternatively, the method comprises administering to a patient a vaccine composition 
comprising a polynucleotide encoding a poiycomb protein, or an Immunogenic peptide or 
epitope derived therefrom. Preferably, the polynucleotide is included in a vector. I^ore 
preferably the vector Is an Integrating vector. Alternatively it is a non-Integrating vector. 
In either case, it is preferred that the vector Is a viral vector, as described above. 

In a preferred embodiment of the method, the protein is selected from the list consisting of 
Ero</EZH2, EED, BMH. RiNG-1. HPH1. HPH2. HPC3 and CtBP. More preferably, it is 
Enx/EZH2 or BMM. Most praiiarably. it is BMI-1. 

In another preftened embodiment, the method comprises administering to a paUent a vaccine 
composition comprising a host coll containing a poiycomb protein, or an immunogenic peptide 
or epitope derived theiefram, or an Isolated polynucieotide or vector encoding said protein, 
peptide or epitope. Preferably the cell a dendritic oeB. more preferably an autologoua 
dendritic cell 



It Is preferred that the cancer to be treated is derived from a tissue or organ selected from the 
list consisting of; liver, lung, breast, stomach. oenAc, prostate, bladder, pancreas, brain, 
Goloieotal or ovary, or is a melanoma, lymphoma or leutaemia. 
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^ Detailed description of the Invention 



Dascrip^on of the Figures 

The Invention will now be described with reference to the following figures. 



Figure 1 shows an example of a semm sample from an HCC (hepatocellular carcinoma) 
patient leacting with different HCC-derived cDNA clones. Clones 45 and 56 represent clones 
oanying different portions of BMI-1. 

Figure 2 shows ELIspot results examining whether there are T cell responses to predicted 
BMM epitopes in PBMC preparations from hepatocellular carcinoma patients. The peptides 
are: a predicted A0201 peptide - TLQ* (TLQDIVYKL); the pradicled B2702«15 peptides - 
•VRV (VRYLETSKY) and (KRYLRCPAA); an HLAnA02-reatricted epitope from alpha- 
tetoprotein - 'GVA' (GVALQTMKQ); and a BT-restricted peptide ftom EBNA3a (negative 
cpntroD - 'RPPI' (RPPIFIRRL); T onl/ is T ceils only and 'PBU is peripheral iilood 
lymphocytes alone. 

Figure 3 shows EUspot results examining whether there are T cell responses to predicted 
BAAI-I epitopes in PBMC preparations from a nornial volunteer and an hepatocellular 
carcinoma patlertL PBMC wore untreated or infected whh the adenoviruses Indlcaled 
(ADE3C, EBNA3C expressing adenovirus: ADBGAL, p-galaotosidase expressing adenovinjs, 
ADBIUU, BMM expressing adenovirus). 

Figure 4 shovt^ ELIspot results examming whettier there are T cell responses to predicted 
EZH2 epitopes In PBMC preparations from normal volunteers. The peptides are the predicted 
A0201 peptides. YMC - YMCCSFLFNL; SQA ~ SQADALKYV or FRK - FRKAQIQGL an 
HLA-B27 restricted peptide from EBNASc (negative control). 

Figure 6 shows immunohlstochemical staining of tumour secUona for BMM. The sections 
shown are a) hepaiooellular carcinoma, b) gastric cancer, c) breast canoor and d) prostate 
cancer. 
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Example 1 Humoial responses toBMl-1 



AMtocf 

The serological defection of antigens using a recombinant cDNA expression library derived 
from a hepatocellular carcinoma (HCC, purchased from Novagen and confirmed with our own 
•In house' library) was performed using serunn from HCC patiente and nonnal healthy controls. 
The sera were preabsortted against both E.coh' lysate and a phage h iysata and then used to 
probe fitters canying the cDNA library. Briefly, a culture of BL21 cells are grown overnight and 
. resuspended In lOmM Mg8p4. 600ul of tfeese cells are Incubated with 3|aI of the cDNA HCC 
library ftor 15 minutes and then mixed with NZY agarose and plated out onto NZY agar plates. 
Tfiese are incubated for 6-8 hours until plaques are visible and then overlaid with IPTG 
soaked Hybond-C filters. The plates are stored overnight at 4^0 and incubated at 37°C for 4 
hours the next day. The filters are removed from the plates, washed 3 times In TBS-T and 
tfien blocked for an hour In TBS-T 6% milk. They are then washed again before incubating 
with the absorbed serum (1 In 1000 dilution In TBS-T 5% milk) for 2.5 hours room 
temperature, followed by washing and then Incubating with the second antibody 1 in 1000 
(goat anli-human IgG alkaline phosphatase conjugate, Sigma) for 2 hours at room 
temperature. Fillers are washed again and stained using the Blorad alkaline phosphatase kit 
fbr no more than 10 minutes. Once the filters have dried positive plaques are IdentiRed and 
picked from the plates, eluted, rescreened and cloned to monodonality. The insert Is 
screened to check it is not patient speclfte by screening wHh a number of different patient sera 
and with normal sera. Screening controls include second step antibody alone to exclude anti- 
immunoglobulin responses and screening alongside a negative clone. Positive clones are 
then excised and sequenced. The sequences are compared to known sequences using the 
BLAST nucleotide eearoh on the NCBI database. 



Results 

Three sequences were identified as different cDNA clones of BMH using this approach. All 
HCC patler»ts screened had strong antibody responses to at least one of the clones. Normal 
donors were also screened and 5 out of 6 had responses io BMI-1 but these were weaker 
than those observed in the HCC patients. 



I 



^ Example 2 Prediction of HLA-A2 epitopes In BMM and ELISpot studies 

Epitopes were predteted firom the BMM protein sequence using the BIMAS (Bfolnfbrjnatics 
and Molecular Analysis Section) web sHe (Paiker. KC etaf 1094 Scheme for ranking potential 
binding peptides tiased on Independent binding of Individual peptide side-chains. J 
Immunol 152:163). The pepfides were selected according to scores compared to known 
epitopes from Epsteln-Bair virus. 

A0201 peptides - TLQDIVYKL and CLPSPSTPV; 
B2702/05 peptides - VRYLETSKY and KRYLRCPAA; 
B4402/03 peptides - YEEEFLKDY and KEEVNDKRY. 

EBspots were performed using these peptides on peripheral blood mononuclear cells 
(PBMCs) from HCC patients and normal donors. Fnazan PBMC were recovered overnight 
before use and the assays were perfonned In duplicate where possible using 2-4x10® cells 
per well. Peptides were used at concentration of 100^g/ml adding 10|il per well. The final 
well volume was lOOpi. The plates were incubated overnight and then washed, antibodies 
added and stained aoooiding to usual protocols. The plates were counted using an automated 
system (AID. Straasburg, Gemnany). 

Results 

Specific T cell responses (IFNy secretion) can be seen to a single HLArA02 restricifid peptide 
in an HLA-A02 patient (Rguio 2A). and In. response to an HLA-B27 restricted peptide in a 
HLArB27 patient (Figure 2B). 



Example 3 ELISpetstudles with AdBMI-1 transduced presenting ceils 

Ellspots Yiere performed using peripheral blood mononuclear ceils (PBMCs) from an HCC 
patient and a nonnal donor. These assays were pertbnned in duplteate where possible using 
2-4 X 10^ cells per well. A replication-defective adenovinis contelning the BMM gene was 
produced In 293 cells and tltred. PBMC were left to recover overnight if frozen samples were 
used, and then used In the ELlSpot. Adenovinis was added at a MOI of 100. The plates were 
Incubated overnight and then washed, antibodies added and stained according to usual 



• 
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protocols. The plates were counted using an automated system (AID. Strassburg. Germany). 



See Figure 3. 



Example 4 Generation of anti-BMI CTL /ft vilra 

ExperimentB are underway to generata CD8+ BMH spedfio T oelte by reacHvallon Irj v«ro. A 
vartety of reatlmulallon protocols may be being employed. Including the ua© of autologous 
dendritic cells or Langorhans cells, either pulsed wtth peptide epitopes or infected with the 
recombinant adonovlnjs expressing the whole protein. A novel method of Stimulation labels 
autologous B cells with a streptavidln-oonjugated anlK;D20 antibody followed by a blotin- 
labelled monomeric HLA-AS/peptide complex. 

Once successfully isolated. BMI-1 specific cytotoxic T lymphocytes ana used to confirm that 
target cells endogenously processing the antigen are able to be efficiently recognised. 

Example 6 Prediction of HLA-A2 epitopes in EZH2 and EUSpot studies 

Epitopes were predidad for E2H2 using the same protocol as Example 2. 

A0201 peptides - YMCSFLFNL and SQADALKYV, 
82702/05 peptides - KRFFWADEV and YRYSQADAL 
B4402/03 peptides EELFVDYRY and KESRPPRKF. 

ETispots were carried out as described in Example 2. 

See Rgure 4. 

Example 6 Generation of anti-BMI-1 Immune responaes In murine models 

Mice are vaccinated against BMI-1. iWethodologies for vaccination againstan antigen are well 
Itnown in tiie art and include, but are not limited to. the use of protein vaccines, peptide 

vaccines and genetic vaccines. Methodologies for genetic vaodnaflon ara well known to 
individuals 6ki\\ed in the field and can Include, but are not limited to, 1) vaccination using BMi-1 

encoding plasmid DNA (by needle Injection using Intrademial. subcutaneous or intramuscular 
routes), il) gene gun delivery of BMI-1 encoding piasmid DMA (by the subcutaneous route), 
hD by recombinant. BMH encoding, viral vectors, an example of such a vector would be a 
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9 fiist generation adenovirus encoding BMM , or iv) by a combinaHon of the above approaches, 
for e)^ple the commonly used prime boo^aSpro^i^ieiSlhe fhrst administrBtion, priming 
administration, is with nalced DMA. and the subsequent boost is wttii'S'recombinant viral 
vector. Common immunisation protocols involve at least two administrafions at least 6 days 
apart. Naked DNA administrations by a needle normally involve injection of l-IOOpg DMA by 
the intramuscular route. Gene Gun admlntstrations use 01-10^9 of DNA delivered by the 
intradennal/subcutaneous route. When using a replication defscfive (E1/E3 deleted) 
adenovirus such as that described In Xiang et a/. Vnology (1996) 219:220-227, one can 
adminbter IXIO' to 1x10^** pfu by the intramuscular, oral, intranasal or subcutaneous route. 
Following the last administration mice are usually left at least 5 days prior to haniasting serum 
to measure humoral responses or the spleen or lymph nodes to measure ovular responses. 
I-lumojal responses can be detected using a number of standard procedures well known to 
those skilled in the art. These methods include immunoblotting, Western blotting, a BMM 
specific ELISA and ladiolmmunopreoipatation. These procedures are vi/ell-known to those 
sicilled In the art The following Western blotting protocol can be used to detect antI-BMI-1 
antibodies in murine sera. Mice immunised with bmi-1 were bled at various time pointe 
following the vaccination. For each sample, protein extracts finom a cell line expressing high 
amounts of Bmi-1 protein (MCF-7) are mn on NuPAGE BIs-Tris pre-cast gel (Invibogen), and 
transfenad to a PVDF membrane using the Xcell 11 Biot module (Invitrogen) accotxiing to 
manufacturer inslnjctions (30V constant for 1h in NuPAGE transfer Buffer + 10% methanol). 
After 1h blocking with casein at RT, membranes are blocked to avoid non-specfflc binding of 
btotln/avldln. This blocking step is perfbnned using the Vector Blocking kit by 10 min 
Incubation at RT in Avidin D solution (2 drops of Avldln D from the kit In 10ml TBS) followed 
by a brief wash and 10 minutes Incubation at RT In blotln solution (2 drops of Blotln from the 
kit in 10ml TBS), After blocking, membranes are stained using VECTASTAIN ABC-AmP kit 
(Vector) according to the manutacturer's instnictions. Briefly, membranes are incubated fbr 
30min with various dDutions of mouse serum in PBS and washed. For all washings. 3 
incubations of 4 min In casein solution (Vector) are perfbnned, and all incubations are done at 
RT. Membranes are then incubated for 30min with 10ml of brotinylated anti-mouse IgG 
(Vector) diluted at LSpg/ml In casein solution. After washing, membranes are incubated 
lOmlh with VECTASTAIN ABC^AmP Reagent diluted 1:600 In casein solution, washed, 
equilibrated by Smin Incubation In 0.1 M Tris buffer pH 9.5, and stained with the Chromogenio 
Suisstrate Development kit (Vector, cat No. AK-6401). For this staining, membranes are 
Incubated In the staining solution (4 drops of each reagent from the kit in 10ml of 0.1 M Tris 
buffer pH 9.S) for 5 to 30 min and washed with water. To detect the anti-BMI-1 antibodies by 
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^ radio-immunopreclpitation fblfov^ng can be used. Labeled reonnbinant BMI-1 can be 
produced by /n wHiro tr^r^cription and translaticin (Promega, UK) with ^^S-methioninB 
(AmeiBham, UK) ftom a plasmid encoding BMI-1 under the SP6 or T7 promoter, /n vitm 
translated "S-BMM (20,000 cpm) is Incubated ovemigtit at4°Cwith 2 Ml of diluted 
hyperimmune murine seaim (1:25 to 1: 500). Autoantibody-bound antigen is precipitated with 
25 111 of 25% protein A-Sepharose with 25% protein G-Sepharose CAmersham-Phannacia, 
UK) in Multiscneen-DP opaque. Sa^U filtration plates (Miilipore, UK) and is washed 8 times 
with washing bufiier (20 mM TrIs-HCi. pH 7.4. containing 160 mM NaCI, 0.1% B8A. and 
0.15% Jw&fm-ZO) using a Milllpoie vacuum-operated 96-welf plate washer (Mllilpore» UK). 
After washing, scintillation fluid is added directly to the oe-well piate and radioactivity counted 
on a TopCount 96-well plate beta counter (Padtard). 

Cellular immune responses can be demonstrated by demonstrating T ceH-derived ant^ien 
specific cytolytic activity or IFNy secretion in response to BMI-1 presentirig target ceils. 
Spleens are removed from mice 10 days after tfie last BMI-1 Immunisation. The spleen cells 
are immediately cocultured vwtii syngenlc Bone Marrow-dsrived Dendritic Cells (BMDC) 
transfected with a bmI-1 encoding construct using a non-vlral trsnsfection s^tem, or 
eiectroporation. BMDC transfected with an Irrelevant cDNA are used as negative controls, as 
well as spleen cells from mice Immunised with Irrelevant cDNA and adenovirus. Coculture is 
performed in ELIspot plates (Mllllpore) coated with IFN-Y mAb wrth 5x10® splenocytes/well 
and up to 1x10^ BMDCyVirell. After 24h co-culture in 200|jil of RPWI1 10% FCS. Ellspot plates 
are washed and stained atnording to manufacturer Instructions and spots are counted using 
digital image analyser software. BMDC are generated by culturing mouse BM cells (flushed 
from femurs and tibia), depleted of T cells and erythrocytes (cocktail of anti-CD4. -CDd. - 
CD45R followed by lysis witti guinea pig complement and red ceil lysis buffisr.). in 500U/ml 
murine GMCSF and 1 0OOUAni murine iL-4. 



Example 7 Anfi^umour responaee In murine model(e) 

Mice are vaccinated against BMH using protocols and procedures as descn1:ied in Example 
6. The vaccinated m?oe are then challenged wltti a BMH expressing syngeneic tumour cell 
line. The anti-iumour activity of flw antl-BMl-1 immunisation is demonstrated by obsen/ed 
protection firom challenge vwth flie BMI-1 expressing tumour. An appropriate tumour model 
for this study is the murine mammary cell fine 4T1 in Balb/c mice. 
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Example 8 Immunostalnlng of primary tumour samples. 
Msihoil 

Embedded tissue sections were stained as follows: the sectiwis were soaked in xylene for 5 
mins» alcohol for 5 mhis, returned to water, and then treated with 0.3% H2O2 In H^O for 15 
mlns followed by a wash In water. The sections were iilaced in EDTA buffer pH8 plus 
Tween20 @ 65°C on a hotplate stirrer (500rpm) overnight (ALTER technique by GM 
Reynolds: Reynolds, G.M., Billingham. LJ., Gray, LJ.. Flavell, J.R., Cocker, J.. Scott, K.. 
Young, L.S. and Murray. P.G. (2002) (L-6 expression In Hodgkin/Reed-Stemberg cells is 
assodated with the presence of 'B' symptoms and failure to achieve complete remission in 
patients with advanced Hodgkin's disease. Br. J. Haematol. 118; 195-201). Slides were 
rinsed in water and were mounted onto a Sequenza'^ (ThermoShandon. Runcorn, UK) and 
washed In TBS (Tris-buffered saline) pH 7.S. They were then incubated In primary anti-BMI-1 
Ab (either a 1 :1 0 dilution In TBS for 4 hrs for mC69 Ab (gift from Arie Otte. University of 
Amsterdam), or a 1:100 dilution in TBS for 1 hr for done 229F6 mAb (Upstate Cell signalling 
Solutions, Milton Keynes. UK). Slides were then washed in TBS plus Tween20 and incubated 
In Dako Envision™ secondary Ab (Dako UK Ltd, Ely, UK) for 30 mins. Slides were washed In 
TBS plu8Tween20 and visualised by incubating in Vector NovaRED™ (Vector Laboratories, 
Peterborough, UK) for 10 mine. The slides ware then counfesrstained In Mayers Haematoxyifn 
for 10 sees, dehydrated, cleared and mounted. 

Rgure 5 shows the over-expression of BMM in a number of tumour spedmens. In all 
sections the nuclei of tumour cells can be seen to clearly stain positive fbrthe presence of 
BMI-1 . Positive staining tumour cells are Indicated by an arraw(s) on each of the slides. 
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Claims 

^. A polycomb protein, or an frnmunogenic peptide or epitope derived therefrom, or an 

Isolated polynucleotide encnding said protein, peptide or epitope, for use as a medicament 
in tha immunottieFapy of cancer. 

2. A polycomb protein, or an immuneigenic peptide or epitope derived therefrom, or an 
isolated polynucleotide encoding said protein, peptide or epitope, according to ctelml . 
wherein the protein Is selected from the list consisting of Enx/EZI42. EED, BMI-1, RING-1, 
HPH1, HPH2, HPC3 and CtBP. 

3. BMi-1 , or an Immunogenic peptide or epitope derived therefrom, or an isolated 
polynucleotide encoding said protein, peptide or epitqse, for use as a medicament in the 
Immunotherapy of cancer. 

4. Enx/EZH2, or an Immunogenic p^de or epitope derived therefrom, or an isolated 
polynucleotide encoding said protein, peptide or epitope, for use as a medicament in the 
Immunotherapy of cancer, 

6. The protein, peptide, epitope or polynucieoUde of any of claims 1 to 4, for use as a 
medicament for the treatment of a cancer selected from the list consisting of, liver, lung, 
breast, stomach, colorectal, cervbc. prostate, bladder, pancreas, brain or ovary, or is a 
melanoma, lymj^oma or leukaemia. 

6. A vector comprising the polynucleotide of any of claimB 1 to 5. 

7. An Integrating vector according to claim 6. 

8. A non-integrating vector according to claim 6. 

8. A viral vector according to either of ctetirre 7 or 8. 

10. A host celi comprising the polynucleotide of any of dalms 1 to 5, or the vector of any of 
daims 8 to 8. 

1 1 .A host cell comprising the protein, peptide or epitope of any of claims 1 to 5. 

12. The host cell of either of claims 10 or 11, wherein said cell is a dandrilic cell. 

13. A vaccine composition comprising the prolaln. pepfide, epitope, polynucleotide, vector or 
host cell accoiding to any of daims 1 to 12, together with a phamnaceutically acceptable 
exolpient carrier. bufleroraoUuvant 

14. A pr^ln vaodna composition comprising the protein, peptide or epitope according to any 
of daims 1 to 5. together vtfith a pharniaceutioally acceptable exdpient, carrier, buffer or 
adjuvant. 
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15. A ONA vaccine composition comprising the polynucleotide or vector according to any of 
claims 1 to 9, togetiier with a phaimaceutically acoeplable excipient. carrier, buffer or 
adjuvant 

16. Use of the protein, peptide, epitope, polynucleotide, vector or host cell according to any of 
claims 1 to 12. for the manufecture of a medicament fbr tiie Immunotherapy of cancer. 

17. Use accoiding to claim 16. forihe manufacture of a medicament for the treatment of a 
. cancer derived from a tissue or organ selected from the list consisting of; liver, lung. 

bnaast. stomach, cervix, prostate, bladder, pancreas, brain, colorectal, ovary, or is a 
m^noma, lymphoma or leukaemia. 

18. A meUlod of treating a cancer by Immunotherapy, comprising admintetering io a patient a 
vaccine composition comprising a polycomb protein, or an immunogenic peptide or 
epitope derfved theieflrom, or an isolated polynucleotide encodnig said protnn. peptide dr 
epitope. 

19. A method of treab'ng a cancer by Immunotherapy, comprising administering to a patient a 
vaccine composition comprising a polynudeotlde encoding a polycomb protein, or an 
Immunogenic peptide or epitope derived therefram. 

aO.The method of claim 19 wherein the polynudeotlde is induded in a vector. 
21 .The method of claim 20 wharein the vector is an integrating vector. 

22. The method of claim 20 wherein the vector is a non-Integrating vector. 

23. The method of either of claims 21 or 22 wherein the vector Is a viral vector 

24. The method according to any of claims 18 to 23, wherein the prertein is selected from the 
list consisting of Enx/EZH2, EED, BMI-1, RING-1, HPH1. HPH2, HPC3 and OBP. 

25. The method according to claim 24, wherein the protein is Bh/ll-1 . 

26. A method of treating a cancer by immunotherapy, comprising administering to a patient a 
vaccine composition comprising a host cell containing a polycomb protein, or an 
immunogenic peptide or epitope derived therefrom, or an eoiated polynucleotide or vector 
encoding said protein, peptide or epitope. 

27. The method of daim 26 vt^erein said host cell is a dendritic cell. 

26. The method of any of claims 18 to 27, wherein the cancer to be treated is derived from a 
tissue or organ selected from the list consisting of; liver, lung, breast, stomach, cervix, 
prostate, bladder, pancrra». brain, cdorectal or ovary, or Is a melanoma, lymphoma or 
l6Ul<aemia. 
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Abstract Foi.iCPi^& fRoT^iMS, ' '■ '^ 

Jho invention lolatoo tal^e use of polycomb group proteins as a tumour-a^isaitea'afiHgens. 
Polycomb group proteins are highly involved in body architecture development, 
haematopolesis and cell cycle control. Aberrant expression of polycomb proteins has been 
linked with haematologteal malignancies, mainly lymphomas. This invention relates to the use 
of these polycomb group proteins as antigens for cancer Immunotherapy. Immunological 
responses can be raised against these proteins and siich responses are acHve against 
polycomb protein overexpresslng tumour oejls. T/c ^rwf-e*^ ^/^A^^ 



ll-DEC-a002 16«2S FROM HGF MBNCHESIbK 
11/Dec/2atl2 



TU KHItNl LB-t-lVJ= 



23 



Figure 2 
A 



Hepatocellular carcinoma patient - HLA-A02+ 
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Figure 3 
A 
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Healthy donor - HLA-A02'i' 
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Hepatocellular carcinoma patient - HLA-A02+ 
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Figure 6 
A 
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Positively stainiiig 
nuclei of 
hepatocellular 
carcinoma cells 




Stromal cells show Glandular 
siguiBcantly less epithelial gastric 

stahring cancer cells 

staining positive 
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Btecfit cancer cells 
staining highly 
positive for BMI^l 




Prostate cancer ceUs stainiiig strongly for 
BMI-1 compared fo suirounding 
poorly/negalively staining fibroblasts 
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